Abstract. DNA hypermethylation occurs during the multistep process of cervical carcinogenesis. We investigated whether the methylation status in the promoter region of a potential oncogene, the human telomerase reverse transcriptase (hTERT), and the tumor suppressor genes deathassociated protein kinase (DAPK) and O 6 -methylguanine DNA methyltransferase (MGMT), were able to distinguish the early from late stages of cervical oncogenesis. The methylation status in the promoter of these genes was analyzed using real-time MethyLight analysis in 115 cervical specimens, including normal, premalignant [atypical squamous epithelial cells (ASCUS), low-grade squamous intraepithelial lesions (LGSIL), high-grade squamous intraepithelial lesions (HGSIL)] and cancer specimens. Clinicopathological parameters (cytology, histology, grade, stage) were compared to the levels of pro-moter hypermethylation. We found that hTERT, MGMT and DAPK hypermethylation levels were increased during cervical oncogenesis progression. hTERT promoter hypermethylation was able to distinguish normal from cancer (p=0.008), normal from premalignant (p=0.036), as well as premalignant from cervical cancer cases (p=0.003). A significant association was also observed between all three genes and the grade of cervical cancer, with hTERT showing a better association (p<0.0001). Our data suggest that the combination of hTERT, MGMT, DAPK promoter hypermethylation could have a potential function as molecular biomarker of cervical oncogenesis progression.
Introduction
Cervical cancer (CC) is a leading cause of cancer-related mortality in women worldwide (1, 2) . Cervical carcinomas develop as a result of multiple genetic and epigenetic alterations that accumulate during time, with atypical squamous epithelial cells (ASCUS) in the uterine cervix progressing into low-grade (LGSIL) or high-grade (HGSIL) squamous intraepithelial lesions, which could lead to cancer development (3, 4) . Converging evidence from epidemiological and molecular studies indicates that human papillomavirus (HPV) is the major causative agent in the development of cervical cancer (5) (6) (7) . However, other factors might also be involved in cervical carcinogenesis, as the majority of patients infected with human papillomavirus will not develop cervical cancer.
Cytomorphological examination of cervical smears is most widely applied, although Pap smear has false negative rates of 2-40%, due to a combination of sampling error, processing artifacts and the nature of subjective interpretation (8) . HPV testing has been suggested to improve cervical cancer screening, however its specificity remains relatively low (9) .
Detection of changes in DNA methylation, also termed epigenetic alterations, may offer an additional approach to cervical screening. It has been increasingly recognized that the CpG islands of a large number of genes that are unmethylated in normal tissues, are methylated to various degrees in multiple types of human cancer and particularly in gynecological cancer (10) (11) (12) (13) (14) (15) . In addition to the functional implications of gene inactivation in tumor development, these aberrant methylation patterns represent excellent targets for novel diagnostic approaches based on methylation-sensitive PCR techniques.
Epigenetic hypermethylation in the CpG-rich sequences in the promoter regions of a number of genes, including the potential oncogene hTERT and the suppressor genes DAPK and MGMT, has been recognized as an important change that takes place in cervical cancer (16) . hTERT gene encodes the catalytic subunit of telomerase, an enzyme which plays a critical role in chromosome structure and function as well as in cancer development (17) . Recently Cohen et al, determined that human telomerase consists of two molecules of each telomerase reverse transcriptase, telomerase RNA and dyskerin (18) . DAPK is a proapoptotic gene that potentially inhibits metastasis by increasing the occurrence of apoptosis, while MGMT is a DNA repair gene, which encodes a DNArepair protein that removes alkyl groups from the O 6 position of guanine, an important site of DNA (19) (20) (21) (22) .
The aim of the present study was to determine the methylation status in the promoter region of hTERT DAPK and MGMT genes in normal, premalignant and malignant cervical samples, in an effort to investigate whether this epigenetic event is involved in the process of cervical carcinogenesis. (Table I) .
Material and methods

Patients
Scrapings from normal samples were collected from women volunteers after a normal cytology test result and a negative HPV DNA test. Scrapings from cervical samples of premalignant cases were obtained at the Colposcopy Unit of University Hospital of Larissa in Greece. Cervical cancer samples were provided from US Biomax Inc cancer tissue bank collection (US Biomax Inc., MD, USA). The case selection was random and controlled for HPV status and age. The control group matched the above demographics. All abnormal samples were collected at the time of colposcopic evaluation for the management of previous abnormal cytology test results, including repeated cytological diagnosis of ASCUS or previous diagnosis of LGSIL or HGSIL. Cervical specimens were obtained from each woman in collection vials containing STE buffer (pH 7.5, 0.05 M Tris HCl, NaCl 0.1 M, EDTA 1 mM) using an endocervical cytobrush prior to the colposcopic examination and cervical biopsy and immediately after collection of the routine cervical sample. Presence of HPV in premalignant samples is shown in Table I HPV analysis. Human genomic DNA was extracted from the scraped cervical cells using a proteinase K/phenol-chloroform protocol. HPV detection and genotyping were performed as previously described (23) .
Real-time MethyLight analysis.
To assess promoter hypermethylation, DNA was extracted using a proteinase K/phenol-chloroform protocol and was treated with bisulfite as described previously (24) . After sodium bisulfite conversion, the methylation analysis was performed by the fluorescencebased, real-time PCR assay, MethyLight. Briefly, one set of primers designed specifically for bisulfite-converted DNA, was used: a methylated set for the gene of interest and a reference set, ß-actin (ACTB) to normalize for input DNA. Specificity of the reactions for methylated DNA was confirmed separately using SssI (New England Biolabs) treated human genomic DNA (heavily methylated). The percentage of fully methylated molecules at a specific locus was calculated by dividing the GENE:ACTB ratio of a sample by the GENE:ACTB ratio of SssI-treated human genomic DNA and multiplying by 100. The abbreviation PMR (percentage of fully methylated reference) indicates this measurement. A gene was deemed methylated if the PMR value was >0. To verify the reproducibility of each assay, the normalized value Table I . Histologic outcome and presence of HPV. 
(Gene:ACTB) of the standard sample was compared between the different PCR runs. The primers and probes that were used for the MethyLight reactions have been previously described (25) (26) (27) and are shown in Table II 
Promoter hypermethylation in relation to cytological findings.
Mean QMSP values were correlated with the cytological findings (Fig. 1) . Mean normalized QMSP values of hTERT promoter methylation were 0.50 (range 0-4.3), 2.7 (range 0-13.2) and 8.30 (range 0-41.2) in normal, premalignant and cancer cases, respectively. A significant difference was observed between normal and cancer (p=0.008) and between normal and premalignant (p=0.036) as well as between premalignant and cancer cases (p=0.003). Among premalignant cases mean normalized QMSP values of hTERT promoter methylation were 1.73 (range 0-6.7), 2.55 (range 0-11.2) and 4.02 (range 0-13.2) in ASCUS, LGSILs and HGSILs, respectively. A significant difference was observed between normal and cancer (p=0.008), normal and HGSILs (p=0.012), Table II . Sequences of the primers used in MethyLight reactions. Table III . Frequency of DNA methylation of hTERT, MGMT and DAPK genes in cervical tissues.
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M, methylated; U, unmethylated.
-----------------------------------------------------------------------------------------------------ASCUS and cancer (p=0.045),
LGSILs and HGSILs (p=0.00),
LGSILs and cancer (p=0.05) and between HGSIL and cancer specimens (p=0.04). LGSIL and HGSIL cases, respectively. A significant difference was also observed between normal and cancer (p=0.012), normal and HGSILs (p=0.001), ASCUS and cancer (p=0.026),
LGSILs and HGSILs (p=0.013), LGSILs and cancer (p=0.039), HGSIL and cancer (p=0.015) as well as between
LGSILs and HGSILs(p=0.013) and ASCUS and HGSILs (p=0.006).
DAPK mean QSP values were 0.2.7 (range 0-21.2) and 5.4 (range 0-44.2) in normal, premalignant and cancer cases, respectively. A significant difference was also observed between normal and cancer (p=0.024), normal and premalignant cases (p=0.009) as well as premalignant and cancer (p=0.05). Among premalignant samples DAPK mean QSP values were 0.74 (range 0-3.1), 2.52 (range 0-7.7) and 5.1 (range 0-21.2) in ASCUS, LGSIL and HGSIL cases, respectively. A significant difference was observed between normal and cancer (p=0.024), normal and HGSILs (p=0.002), ASCUS and cancer (p=0.008), ASCUS and HGSILs (p=0.019), as well as between normal and ASCUS (p=0.022), normal and LGSILs (p=0.001) and ASCUS and LGSILs (p=0.032). According to these results it seems that DAPK promoter hypermethylation is the best marker of cervical oncogenesis progression. The same correlations were found in all genes when ASCUS and LGSIL specimens were grouped together. When sensitivity values were evaluated, it was observed that the combination of hTERT, MGMT and DAPK methylation status showed 86.8% sensitivity in the detection of cancer and 100% in HGSIL (CIN3) detection.
Promoter hypermethylation in relation to histological findings. To determine a possible association between methylation status and histological outcome (CIN1, CIN2 and CIN3), the mean QMSP values of methylation in each gene was evaluated. Mean normalized QMSP values of hTERT promoter methylation were 2.05 (range 0-6.7), 3.2 (range 0-11.2) and 6.02 (range 0-13.2) in CIN 1, CIN2, CIN3, respectively. A significant difference was observed between CIN1 and cancer, CIN1 and CIN3, CIN2 and CIN3, CIN2 and cancer and between CIN3 and cancer (p<0.05).
Mean QMSP values of MGMT promoter methylation were 0.56 (range 0-3.1), 0.65 (range 0-4.3) and 4.3 (range 0-11.2) in CIN1, CIN2, CIN3, respectively. A significant difference was also observed between CIN1 and cancer, CIN2 and CIN3, CIN2 and cancer, CIN3 and cancer as well as between CIN2 and CIN3 and CIN1 and CIN3 (p<0.05).
Moreover, DAPK mean QSP values were 0.85 (range 0-3.1), 3.6 (range 0-7.7) and 5.8 (range 0-21.2) in CIN1, CIN2, CIN3, respectively. A significant difference was observed between CIN1 and cancer, CIN1 and CIN3, as well as between normal and CIN3, normal and CIN2 and CIN1 and CIN2. Mean QMSP values of hTERT, MGMT and DAPK promoter methylation levels in normal, premalignant and cancer sample and association with cervical oncogenesis progression. hTERT and DAPK promoter methylation is able to distinguish normal, premalignant and cervical cancer cases, while MGMT promoter methylation is able to distinguish premalignant and cancer cases but not between normal and premaligant cases. Correlation of DNA methylation levels and clinicopathological parameters in cervical cancer samples. In cervical samples, the detection of aberrant methylation in each of the three genes studied was correlated with tumor stage and grade of the disease. Specifically, DAPK and MGMT promoter hypermethylation seemed to be able to distinguish significantly the stages of the disease, whereas hTERT could not (p>0.05) (Fig. 2a) . Higher stage (III-IV) tumors exhibited an increased overall frequency of promoter methylation (Table III) . On the other hand, all three genes seemed to distinguish between different grades in cervical cancer, with hTERT showing a better association (p<0.0001) (Fig. 2b) .
Promoter hypermethylation in relation to
Discussion
Research in the last few years clearly proved that epigenetic events and particularly methylation are involved in cancer initiation and progression and that their expression profiling can be exploited for the classification, diagnosis and prediction of human malignancies (25) (26) (27) (28) (29) (30) (31) .
In the present study, we investigated the methylation profiles in the promoter region of hTERT, MGMT and DAPK genes in normal, premalignant and cervical cancer specimens, as the existing data on the methylation status of these genes is limited and results are conflicting (22, (32) (33) (34) (35) (36) . hTERT gene plays a critical role in cell division and serves as a mitotic clock for cell proliferation (17) . In our study we found that the mean levels of hTERT promoter methylation were increased with increasing cytological and histological severity in agreement with previous relative reports and also that QMSP hTERT methylation values could distinguish normal from premalignant and cancer tissues, as well as premalignant from cancer cervical tissues (25, 37) .
The MGMT gene product removes mutagenic and cytotoxic adducts from O 6 -guanine in DNA, the preferred point of attack of many carcinogens and alkylating chemotherapeutic agents (38) . As a consequence, its lack of expression produces opposite effects for cancer development and progression. We observed that MGMT gene showed higher levels of hypermethylation in premalignant and cancer compared to normal tissues, distinguishing thus premalignant from cancer tissues during disease progression. This finding is in agreement with previous relative studies, where it has been suggested that higher levels of MGMT hypermethylation are related to increased susceptibility in cancer development (21, 22, (24) (25) (26) 32) .
DAP-kinase (DAPK) is a positive mediator of programmed cell death induced by Á-interferon (39) . Loss of DAPK expression has been shown to occur in a number of malignancies including cervical cancer by enhancing the metastatic potential of cancer cells (40) (41) (42) (43) (44) . In previous studies DAPK promoter hypermethylation was observed in 2% of normal, 17-55% of HGSILs samples and 45-100% of cancer cases (21, (34) (35) (36) (39) (40) (41) (42) (45) (46) (47) (48) . In the present study DAPK promoter hypermethylation was detected in 66.7% of premalignant lesions, percentage which is higher than in previous reports (34) (35) (36) and it was able to distinguish early from late stages of cervical oncogenesis progression. DAPK promoter methylation status seemed to be the best cervical oncogenesis quantitative and qualitative marker, as it was the only marker that was negative in normal tissues. The higher hypermethylation values of hTERT, MGMT and DAPK, observed in the present study, could be attributed to the use of the sensitive Quantitative Methylation Specific (QMSP) method in contrast to conventional MSP methods used in previous studies (22, 27) .
Moreover, we evaluated for the first time to our knowledge, the combination of hTERT, DAPK and MGMT hypermethylation profiles in cervical carcinogenic progression. We observed that the hypermethylation profile of these 3 genes combined showed a higher sensitivity in the detection of cancer (86.8%) and HGSIL (CIN3) (100%), compared to the combination of two of them or each gene separately. As promoter hypermethylation levels tended to increase from normal to dysplastic and cancer specimens, it is suggested that hypermethylation of these three genes could be involved in cervical progression.
Furthermore, we also observed for the first time, an association between hypermethylation of hTERT, DAPK and MGMT genes and disease grade in cancer samples, with hTERT showing the best correlation and the highest sensitivity (80%), suggesting the possible involvement of hTERT methylation levels as a potential molecular marker in gynecological cancer.
In conclusion, we showed that promoter hypermethylation of hTERT, DAPK and MGMT genes increased with disease progression suggesting that hypermethylation could be a mechanism involved during the development of cervical carcinogenesis. Although identifying abnormal methylation events is promising, further efforts are needed to identify and validate the optimal combination of genes that could be used as adjunctive molecular markers to current screening approaches.
